Purpose: To describe the multimodal imaging and treatment of a 37-year-old male presenting with bilateral ischemic retinopathy induced by methamphetamine abuse. Observations: A 37-year-old male presented with progressively deteriorating vision and was found to have branch retinal artery occlusion and central retinal vein occlusion in both eyes along with secondary vitreous hemorrhage in the left eye following seven years of intermittent intranasal methamphetamine abuse. Fundus fluorescein angiography and optical coherence tomography angiography revealed large areas of non-perfusion in the peripheral retina along with peripapillary neovascularization. Systemic evaluation revealed ischemic foci scattered in the deep brain on magnetic resonance angiography scanning. Based on the retinal findings, the patient was diagnosed with methamphetamine-induced ischemic retinopathy. He received panretinal photocoagulation, which improved the vision in the right eye and vitreous hemorrhage in the left eye. The vision in the left eye remained stable. Conclusions and importance: This case highlights that intranasal methamphetamine abuse is associated with bilateral simultaneous central retinal vein occlusion and branch retinal artery occlusion. To our knowledge, extensive bilateral ischemic retinopathy has not been documented previously with newer modalities. In addition, PRP may be considered for the treatment of ischemic retinopathy induced by methamphetamine abuse.
Introduction
Methamphetamine is a recreational drug that is structurally similar to amphetamine and exerts adrenomimetic actions similar to cocaine. 1 Methamphetamine is a psychostimulant belonging to the phenethylamine and amphetamine class of psychoactive drugs, which can result in several harmful pathophysiologic outcomes encompassing the psychologic, cardiovascular, and neurological systems. 2 Crystal methamphetamine typically refers to a highly purified form of methamphetamine that is intended for smoking, and has similar effects to intravenous methamphetamine. 1 To date, however, few studies have highlighted the specific changes to the eye. [3] [4] [5] [6] Here, we report the first case of presumed methamphetamine-induced ischemic retinopathy detected by multimodal imaging.
Case report
A 37-year-old man with no significant medical history was referred to our outpatient clinic to evaluate deteriorating vision in both eyes after seven years of intranasal methamphetamine abuse. Best-corrected visual acuity (BCVA) was 20/50 in the right eye and 20/200 in the left eye. The intraocular pressure was normal in both eyes. The pupils were round and reactive to light with a relative afferent pupillary defect. Anterior segment exam was normal in both eyes. Fundus examination revealed bilateral optic disc hyperemia with retinal neovascularization, radial superficial hemorrhages, whitening of the temporal vascular arcades, and marked bilateral venous distortion (Fig. 1) . There was extensive vitreous hemorrhage (VH) in the left eye (Fig. 1) . Spectral domain-optical coherence tomography (SD-OCT; Heidelberg Engineering, Heidelberg, Germany) showed bilateral atrophy in the temporal macula ( hypofluorescence secondary to non-perfusion, and venous beading, together with hyperfluorescence and leakage at the disc, indicative of retinal neovascularization in the right eye (Fig. 3) .
In order to look for the cause of ischemic retinopathy, the patient underwent related system examinations. Review of systems was unremarkable. Magnetic resonance angiography revealed scattered ischemic foci in deep locations in the brain. Carotid duplex ultrasound, abdominal ultrasonography, and echocardiography were normal. Laboratory data, including complete blood count, sedimentation rate, coagulation function, c-reactive protein, angiotensin converting enzyme level, antinuclear antibodies, anticardiolipin antibody, antiToxoplasma gondii antibodies, and fluorescent treponemal antibody absorption tests, were normal.
The patient was diagnosed with methamphetamine-induced ischemic retinopathy and received panretinal photocoagulation (PRP) to treat neovascularization in both eyes. After treatment, the BCVA increased to 20/25 in the right eye and remained stable in the left eye, and VH in the left eye resolved. Spectral-domain optical coherence tomography angiography (SD-OCTA; Optovue RTVue XR 100, Avanti, Fremont, CA, USA) showed that retinal neovascularization decreased after PRP (Fig. 4 ). There were persistent large areas of ischemia in the inner retina in both eyes at the last follow-up confirmed by wide-angle swept-source OCTA (SS-OCTA, PlexElite 9000; Carl Zeiss Meditec Inc., Dublin, USA) (Fig. 5 ).
Discussion
Methamphetamine is a synthetic amine belonging to the amphetamine class of drugs that exerts acute and chronic effects on the central and peripheral nervous systems. 7 Its acute effects include cardiovascular and psychiatric changes, whereas its chronic effects include structural and functional brain damage. 8 Methamphetamine may be taken orally, intravenously, or intranasally. The mode of administration is associated with differences in ischemic and hemorrhagic lesions, with a higher incidence of ischemic lesions caused by intranasal administration. 1 The pathologic mechanisms by which methamphetamine leads to ischemic and hemorrhagic diseases is not entirely clear. Wolkoff et al. suggested that chronic effects of methamphetamine led to neuronal loss secondary to microvascular damage. 7 Lappin et al. proposed that vasculitis was responsible for cerebral infarction secondary to methamphetamine use in several cases in young patients. 1 Cerebral artery occlusion caused vasculitis, and repeated vascular spasm resulted in arterial narrowing and cerebral artery beading, with consequent ischemia and infarction in the brain. 8, 9 Previous reports of methamphetamine-induced ocular disorders have included anophthalmia, microphthalmia, folded retina, hypoplastic optic discs, scleritis, crystalline retinopathy, central retinal artery occlusion, intraretinal hemorrhage, and retinal vasculitis in rats and patients. 3, 10, 11 However, few reports have described ischemic retinopathy as side effects of methamphetamine use. In addition, the ocular effects depended on the route of administration and the disparate pharmacological mechanisms of methamphetamine. The adverse effects of methamphetamine on ocular development in babies born to mother using methamphetamine, particularly anophthalmia, microphthalmia, folded retina, and hypoplastic optic discs, were probably related to methamphetamine-induced oxidative damage in vital DNA structures in the fetal brain. 3, 11 Other disorders, such as scleritis, which were initially reported following intravenous administration in the recipient using the drug, also occurred as direct pharmacological and physiological effects of methamphetamine. 3, 11 Finally, the manifestation of central retinal artery occlusion, intraretinal hemorrhage, and retinal vasculitis were possibly attributed to the sympathomimetic effects of methamphetamine, which might induce extensive vasoconstriction or vascular spasm. [3] [4] [5] The patient presented with bilateral branch retinal artery occlusion combined with central retinal vein occlusion, which has not been reported previously. Wallace et al. reported unilateral central retinal vein occlusion and intraretinal hemorrhage, which they thought was related to vasospasm. 4 Based on prior experimental and clinical results, we speculate that methamphetamine-induced oxidative stress resulted in extensive vasoconstriction or vascular spasm, which might lead to the manifestation of ischemic retinopathy (i.e. widespread areas of dropout in the superficial and deep capillary plexuses and retinal neovascularization at the optic disc revealed by OCTA examinations) after seven years of intranasal methamphetamine abuse in this patient. Treatment options for methamphetamine-induced ischemic retinopathy have not been reported. Based on the principle of ischemic retinopathy, there are three options: 1) intravitreal anti-vascular endothelial growth factor (VEGF) therapy, 2) PRP, and 3) pars plana vitrectomy for VH. The foveal avascular ring was destroyed in the patient with extensive regions of non-perfusion in the macular region revealed by OCTA examinations. We considered that intravitreal anti-VEGF would possibly aggravate the macular ischemia as anti-VEGF drugs might worsen retinal artery occlusion 12, 13, 14 ; therefore, PRP was our preferred treatment. The extent of ischemia was controlled in both eyes by PRP, and consequently, the VH in the left eye gradually resolved and the BCVA in the right eye finally improved. However, a limitation in this study was the lack of a urine drug test.
Conclusion
Here, we report the first case of methamphetamine-induced ischemic retinopathy detected by multimodal imaging. We also report an effective method to prevent the progression of ischemic retinopathy in such cases.
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